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ABSTRACT 
 
 
 
 
The potential of a combined integrated treatment system using photo-Fenton 
process and membrane bioreactor (MBR) was studied in the treatment of spent 
caustic wastewater with initial COD and sulfide of 1990-2740 mg/L and 82-165 
mg/L, respectively and at biodegradability level (BOD5/COD) of 0.39-0.52. Photo-
Fenton process was carried out to reduce influent toxicity that can destroy living 
microorganism in the MBR. Molar ratio of hydrogen peroxide to COD values 
([H2O2/COD]), ferrous ion to hydrogen peroxide [Fe2+/H2O2], and reaction time were 
studied on degradation of chemicals contained in the wastewater within the range of 
1.5-2.5, 0.05-0.15 and 0-60 minutes. A statistical experimental design using central 
composite design (CCD) was employed to describe the relationship of individual and 
combined parameters towards the degradation. The optimum conditions were 
selected based on the highest percentage of COD and sulfide removal as well as 
acceptable BOD5/COD with minimum value of molar ratio [H2O2/COD] and 
[Fe2+/H2O2] within reaction time range. Optimum conditions for molar ratio 
[H2O2/COD] and [Fe2+/H2O2] at pH of 3 were 1.5 and 0.05 with reaction time of 
47.84 minutes. The optimum condition for MBR was evaluated based on critical flux 
value. It was observed that critical flux was achieved at flux of 6 and 9.5 L m-2 h-2. 
The achievement of optimal conditions for both processes led to the assessment of 
the integrated treatment. It was found that the overall percentage removal of COD 
and sulfide were 99.27–99.92% and 100% leading to final effluent with COD and 
sulfide concentrations of 20 mg/L and 0.001 mg/L, respectively. It can be concluded 
that the integrated treatment system combining photo-Fenton and MBR could be an 
efficient alternative method for spent caustic wastewater. 
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ABSTRAK 
 
 
 
 
Potensi sistem rawatan bersepadu yang menggabungkan proses foto-Fenton 
dan bioreaktor membran (MBR), telah dikaji sebagai suatu kaedah rawatan air sisa 
kaustik dengan nilai kepekatan awal COD dan sulfida yang berjulat 1990-2740 mg / 
L dan 82-165 mg/L. Proses foto-Fenton telah dilaksanakan bagi mengurangkan 
ketoksikan influen yang boleh memudaratkan mikroorganisma yang terdapat di 
dalam MBR. Nisbah molar hidrogen peroksida kepada nilai COD ([H2O2/COD]), ion 
ferus kepada hidrogen peroksida [Fe2+ / H2O2] dan masa tindakbalas telah diselidiki 
kesannya terhadap penguraian bahan kimia di dalam air sisa kaustik dengan julat 
nisbah masing-masing, iaitu 1.5-2.5, 0.05-0.15 dan 0-60 minit. Satu reka bentuk 
eksperimen berteraskan kaedah statistik yang digelar reka bentuk komposit berpusat 
(CCD), telah digunakan untuk mentafsirkan hubungan di antara pembolehubah 
tunggal dan gabungan terhadap penguraian air sisa kaustik. Keadaan optimum proses 
rawatan telah dipilih berdasarkan peratusan susutan nilai kepekatan COD dan sulfida 
yang tertinggi. Manakala, nilai optimum nisbah BOD5/COD pula dikira berdasarkan 
kepada nisbah molar paling minimum, [H2O2/COD] dan [Fe2+ / H2O2] dalam kadar 
masa tindakbalas yang ditetapkan. Proses foto-Fenton yang optimum ialah semasa 
nisbah molar [H2O2/COD] dan [Fe2+ / H2O2] pada pH 3 adalah 1.5 dan 0.05 dengan 
masa tindakbalas, 47.84 minit. Selain itu, keadaan optimum bagi proses MBR pula 
dianggar berdasarkan nilai fluks kritikal yang diperolehi daripada ujikaji iaitu 6 dan 
9.5 L m-2 h-2. Hasil kajian ini mendapati, peratusan susutan keseluruhan nilai 
kepekatan COD dan sulfida adalah masing-masing sebanyak 99.27-99.92% dan 
100% yang membawa kepada kepekatan akhir COD dan sulfida bagi efluen, masing-
masing sebanyak 20 mg / L dan 0.001 mg / L. Oleh itu, dapat dirangkumkan bahawa 
sistem rawatan bersepadu yang menggabungkan proses foto-Fenton dan MBR 
mampu menjadi satu kaedah alternatif untuk merawat air sisa kaustik.
